We studied the effect of cardiopulmonary bypass, transient acute coronary occlusion (2-5 minutes), prolonged coronary occlusion (> 60 minutes), and coronary reperfusion on the left ventricular diastolic pressure-volume curve, using an isovolumic working canine heart preparation in which heart rate, intraventricular volume, and aortic pressure were controlled. Cardiopulmonary bypass caused no significant change in left ventricular compliance but was associated with a slight decrease in left ventricular contractility. Acute transient coronary occlusion caused no significant change in left ventricular compliance despite a marked decrease in left ventricular contractility. Prolonged coronary occlusion caused a significant progressive decrease in left ventricular compliance beginning 20-30 minutes after coronary occlusion which was associated with improved left ventricular contractility. Coronary reperfusion after prolonged coronary occlusion caused a further decrease in left ventricular compliance associated with an increase in left ventricular contractility. These studies indicate that, although left ventricular compliance is not affected immediately by coronary occlusion, it can begin to decrease as early as 20-30 minutes after coronary occlusion. The early decrease in left ventricular compliance following coronary occlusion found in this study as compared to previous studies suggests that the ratio of ischemic to nonischemic myocardium is a determinant factor of the effect of myocardial ischemia on left ventricular diastolic compliance. The results also show that the effect of coronary reperfusion on left ventricular compliance is related to the duration of coronary occlusion and myocardial ischemia.
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SUMMARY We studied the effect of cardiopulmonary bypass, transient acute coronary occlusion (2-5 minutes), prolonged coronary occlusion (> 60 minutes), and coronary reperfusion on the left ventricular diastolic pressure-volume curve, using an isovolumic working canine heart preparation in which heart rate, intraventricular volume, and aortic pressure were controlled. Cardiopulmonary bypass caused no significant change in left ventricular compliance but was associated with a slight decrease in left ventricular contractility. Acute transient coronary occlusion caused no significant change in left ventricular compliance despite a marked decrease in left ventricular contractility. Prolonged coronary occlusion caused a significant progressive decrease in left ventricular compliance beginning 20-30 minutes after coronary occlusion which was associated with improved left ventricular contractility. Coronary reperfusion after prolonged coronary occlusion caused a further decrease in left ventricular compliance associated with an increase in left ventricular contractility. These studies indicate that, although left ventricular compliance is not affected immediately by coronary occlusion, it can begin to decrease as early as 20-30 minutes after coronary occlusion. The early decrease in left ventricular compliance following coronary occlusion found in this study as compared to previous studies suggests that the ratio of ischemic to nonischemic myocardium is a determinant factor of the effect of myocardial ischemia on left ventricular diastolic compliance. The results also show that the effect of coronary reperfusion on left ventricular compliance is related to the duration of coronary occlusion and myocardial ischemia.
THE ROLE of left ventricular diastolic compliance in the determination of the left ventricular end-diastolic pressure is well known. 1 " 4 However, the extent to which left ventricular compliance is affected by acute myocardial ischemia is not well defined. Previous studies which have assessed the effect of acute myocardial ischemia on left ventricular diastolic compliance in dogs and man have provided confusing and conflicting results. 5 " 12 Recent studies in this laboratory using an isovolumic heart preparation showed that acute global myocardial ischemia followed by coronary reperfusion in the cardioplegic heart caused a decrease in left ventricular diastolic compliance. 13 The present investigation was carried out to define the temporal course of the effect of acute regional myocardial ischemia and reperfusion on the diastolic compliance of the working left ventricle.
Methods
The isovolumic preparation used in these experiments has been described previously. 13 Studies were performed on mongrel dogs of both sexes weighing 15-22 kg. The dogs were anesthetized with intravenous pentobarbital (25 mg/kg) and a-chloralose (50 mg/kg). Following insertion of a cuffed endotracheal tube, ventilation was maintained by a positive pressure respirator supplied with oxygen. The heart and great vessels were exposed through a bilateral transsternal thoracotomy and the heart was suspended in a pericardial cradle. After administration of intravenous sodium heparin (3 mg/kg), cardiopulmonary bypass was established with cannulation of the right atrium and femoral artery using a rotating disc oxygenator supplied with 97% O 2 and 3% CO 2 . The extracorporeal circuit was primed with 3 liters of freshly heparinized homologous blood diluted 1:1 with lactated Ringer's solution. Blood temperature was maintained at 37°C by a heat exchanger in the extracorporeal circuit. Myocardial temperature was maintained by covering the heart with warm moist sponges. Blood pH and PaO2 were maintained within the physiological range. Aortic pressure was monitored from a catheter placed in the right brachial artery. Arterial inflow measured by an electromagnetic flow meter was kept at a value which maintained a mean aortic pressure of 75-80 mm Hg, and this was kept constant throughout the experiment. The sinoatrial node was crushed and the heart rate maintained constant by electrical stimulation of the right atrium or right ventricle at 150 beats/min. If frequent ventricular arrhythmias were present initially, the pacing rate was increased to suppress the ventricular arrhythmia. The pacing rate always was kept below 180 beats/min and was maintained constant throughout each experiment. The site of stimulation remained the same throughout the experiment. A latex balloon attached to the metal Y cannula was inserted in the left ventricle through a stab wound at the apex. The cannula was connected to Statham P23B pressure transducers by short nylon catheters for simultaneous recording of the full left ventricular pressure, high sensitivity left ventricular pressure, and the rate of development of left ventricular pressure (LV dp/dt). The stiffness of the balloon was negligible. Additionally, to ensure that the balloon itself was not a factor, only one balloon was used throughout each experiment. The mitral valve orifice was occluded with a fenestrated Teflon plug secured in place by a purse string suture in the mitral valve annulus. This prevented herniation of the balloon and allowed drainage of any blood returning to the left ventricular cavity. The proximal (within 2 cm of the origin)portions of the left anterior descending and left circumflex coronary arteries were isolated and a thick silk ligature was placed around each vessel. The ends of the silk ligature were passed through a soft plastic cannula. This allowed temporary occlusion and reperfusion of the coronary vessels. Dissection of the coronary arteries after each experiment showed that the left anterior descending artery ligature was proximal to all branches except the first septal branch, and the left circumflex artery ligature was proximal to all branches of the left circumflex artery. Thus, after occlusion of both arteries, myocardial perfusion was maintained only by the right coronary artery and the first septal branch of the left anterior descending artery.
The electrocardiogram, full left ventricular pressure, high sensitivity left ventricular end-diastolic pressure, and rate of development of left ventricular systolic pressure were recorded simultaneously as the intraventricular balloon volume was increased in a stepwise fashion (Honeywell Accudata 113 bridge amplifier; Accuda 132 differentiator and type 482M8 Beckman Dynography amplifier). Additionally, in some experiments, the electrocardiogram and left ventricular pressures were recorded on frequency modulated (FM) magnetic tape (Hewlett Packard 3960 tape recorder) from which the left ventricular contractility index, Vmax (maximum velocity of shortening), was derived by beat-to-beat computer analysis as described previously. 14 The following left ventricular contractility indexes were derived by beat-to-computer analysis of the analog data recorded on tape: p'10 = first derivation of rise of left ventricular pressure (dp/dt) at 10 mm Hg developed pressure (above end-diastolic pressure), CEV] 5 = contractile element velocity at a developed pressure of 15 mm Hg (sec" 1 X 100), and V mal = maximum velocity of shortening (sec" 1 X 100) at zero pressure estimated by extrapolation from the curve relating devel-oped pressure to log e CEV. The contractility indices were determined as the average value from 10 consecutive beats repeated at least two times. For purposes of this study, only V ma , was analyzed.
The following protocol was carried out to determine the effects of cardiopulmonary bypass, transient (2-5 minute) myocardial ischemia, prolonged myocardial ischemia (more than 60 minutes), and prolonged myocardial ischemia followed by coronary reperfusion on left ventricular function and compliance.
Control
In three experiments the effect of cardiopulmonary bypass was studied. Recordings were made every 15-30 minutes over 90-120 minutes of cardiopulmonary bypass. During this time, transient 2-minute periods of myocardial ischemia were produced intermittently every 15-30 minutes. At least three periods of transient occlusion were produced in each experiment. The transient 2-minute occlusions were carried out because this also was done once for each coronary artery in the prolonged myocardial ischemic group prior to prolonged occlusion of the coronary arteries. Thus the same manipulations were carried out as in the other experiments except for prolonged occlusion of the coronary arteries.
Transient Myocardial Ischemia
The effects of transient myocardial ischemia and coronary reperfusion were studied in five experiments. Recordings were made before and 2 minutes after occlusion of the left anterior descending or left circumflex coronary arteries, and five minutes after coronary reperfusion.
Prolonged Myocardial Ischemia
The effect of extensive myocardial ischemia of over 60 minutes' duration was studied in eight experiments. Recordings were made before and every 15-20 minutes after sequential occlusion (within 15-30 minutes) of both the left anterior descending and circumflex coronary arteries for over 60 minutes. In four experiments the duration of ischemia was over 90 minutes.
Prolonged Myocardial Ischemia followed by Coronary Reperfusion
The effect of coronary reperfusion was studied in five of these eight experiments. The ligatures were released after 75 minutes of occlusion in four experiments and after 110 minutes in one experiment. Recordings were made before coronary occlusion, during coronary occlusion, and 5-30 minutes after coronary reperfusion.
Ventricular Fibrillation and Defibrillation (VF/DF)
Because ventricular fibrillation requiring defibrillation was a frequent occurrence with this preparation, only those experiments in which defibrillation was accomplished easily (requiring less than 3 DC shock at any one time) were analyzed. Ventricular defibrillation was carried out, using 9-cm paddles at 50-250 joules. Careful VOL. 43, No. 2, AUGUST 1978 record of the time of VF/DF was kept. In five episodes of VF/DF occurring before or within 15 minutes of coronary occlusion, the pressure-volume (PV) curves taken immediately before and within 15 minutes after VF/DF were compared.
Ventricular Relaxation
Alterations of ventricular relaxation time may affect the left ventricular end-diastolic pressure. If ventricular contraction occurs prior to complete ventricular relaxation, the ventricular end-diastolic pressure increases. Maximum negative LV dp/dt is an index of the rate of ventricular relaxation. To determine the significance of ventricular relaxation on the pressure-volume curve during prolonged myocardial ischemia and coronary reperfusion, maximum negative values of LV dp/dt were determined when the diastolic pressure-volume curves were obtained. Also, in one experiment the diastolic pressurevolume curves obtained during pacing and without pacing were compared 90 minutes after coronary occlusion. Additionally, throughout each experiment the left ventricular end-diastolic pressure during pacing as compared to the left ventricular end-diastolic pressure after the compensatory pause following a spontaneous premature ventricular contraction was used as a frequent monitor to detect the presence of incomplete ventricular relaxation.
Data Analysis
To detect alterations in left ventricular diastolic compliance, pressure-volume curves were constructed using the left ventricular end-diastolic pressures generated by a minimum of four different intraventricular balloon volumes. Using the method of least squares, the slopes of the pressure-volume curves were determined from linear regression equations for left ventricular pressure (y)intraventricular balloon volume (x).* For comparison of the slopes obtained before and after transient and prolonged coronary occlusion and reperfusion, analysis of variance was used for each experiment to test the hypothesis that the slope of the regression lines obtained at each point in time was not significantly different from the slope obtained in the control state. Exact location of significant differences between the slopes obtained during the control period was investigated by the use of Dunnett's test.
In the isovolumic heart preparation with aortic pressure, intraventricular balloon volume, and heart rate kept constant, the left ventricular systolic pressure, left ventricular pulse pressure, and LV dp/dt are indices of left ventricular contractility, and maximum negative LV dp/dt is an index of the rate of left ventricular relaxation. These were followed throughout each experiment to assess concomitant changes in left ventricular contractility and relaxation. In the three control experiments and two prolonged coronary occlusion experiments, the maximum velocity of shortening of the contractile element (V mal ) was determined.
* It is recognized that the pressure-volume curve of the left ventricle has a sigmoid shape. However, with this preparation in the range of pressures studied, the curve closely approximates a straight line. Thus, for ease of comparison, the slopes of the curves were used.
Results

Control
The results of the three experiments on the effect of cardiopulmonary bypass on left ventricular function and left ventricular diastolic compliance are shown in Table  1 . Over the 90-to 120-minute period of cardiopulmonary bypass there was no significant change in the diastolic pressure-volume curve. There was a gradual decline in left ventricular systolic pressure, left ventricular pulse pressure, LV dp/dt, and the maximum velocity of shortening of the contractile element (V ma ,) ( Fig. 1 ). This indicates that during cardiopulmonary bypass a gradual decrease in left ventricular contractility occurs without a significant change in left ventricular diastolic compliance.
Transient Myocardial Ischemia
The results of the five experiments on the effect of transient myocardial ischemia on left ventricular function and left ventricular diastolic compliance are shown in Table 2 . Coronary occlusion caused an immediate marked decrease in left ventricular systolic pressure and LV dp/dt. With the intraventricular balloon volume fixed, two types of diastolic pressure response to coronary occlusion were seen (Fig. 2 ). In most experiments ( Fig. 2A ), acute coronary occlusion and reperfusion caused no change in left ventricular diastolic pressure; in some experiments ( Fig. 2B ), however, acute coronary occlusion caused a slight but definite decrease in the left ventricular diastolic pressure of 2-4 mm Hg which returned to baseline levels after coronary reperfusion. Regardless of which immediate response occurred, the slope of the diastolic pressure volume curve remained unchanged in 18 of 20 pressure volume curves taken 2 minutes after coronary occlusion or 5 minutes after coronary reperfusion ( Fig. 3 ). Of the two that changed, the slopes increased slightly (P < 0.05) during ischemia in one and following reperfusion in the other. These findings indicate that, although in some cases there may be a slight dilation of the left ventricle immediately after coronary occlusion, there is no significant effect on left ventricular diastolic compliance.
Prolonged Myocardial Ischemia
The results of the eight experiments on the effect of extensive myocardial ischemia of over 60 minutes duration on left ventricular function and left ventricular diastolic compliance are shown in Table 3 and 4. With prolonged occlusion of the coronary arteries, a significant increase in the slope of the pressure-volume curve developed in all eight experiments (P < 0.01) ( Fig. 4) . Notably, this increase in slope did not develop immediately, but began gradually after coronary occlusion and became significantly altered after 60-90 minutes.
The manner in which the change in slope developed is best demonstrated by analysis of the sequential change in pressure for any given volume (Fig. 4B ). The change in slope of the PV curve resulted from an increase in pressure for those volumes which generated initial left ventricular diastolic pressures of more than 15 mm Hg and an unchanged or decreased pressure for those volumes Time = duration of cardiopulmonary bypass in minutes. LVP = left ventricular pressure in mm Hg; S = systolic; D = diastolic; P' = maximum rate of rise of the left ventricular systolic pressure (LV dp/dt -mm Hg/sec); VOL = left ventricular balloon volume in milliliters; SL = slope of the left ventricular diastolic pressure volume curve; P = probability value by Dunnett's test for significance of a change in slope. NS = not significant. which generated an initial diastolic pressure of less than 15 mm Hg. Of those 18 volumes which produced initial diastolic pressures of more than 15 mm Hg, the diastolic pressure increased in 17 by 3 mm Hg or more. Of the 20 volumes which produced an initial diastolic pressure of 15 mm Hg or less, the diastolic pressure increased in seven and decreased by 3 mm Hg or more in eight. This type of change indicates a decrease in the compliance of the left ventricle associated with either no change or a slight increase in resting ventricular volume (volume at which no pressure is generated). With occlusion of the coronary arteries left ventricular systolic pressure, pulse pressure, LV dp/dt, and V max initially decreased markedly (Figs. 1 and 5). Subsequently, they all gradually increased. This increase developed concomitantly with the decrease in LV compliance and paralleled the increase in the slope of the PV curve. Thus, the decrease in LV compliance following prolonged myocardial ischemia was associated with an improvement in LV contractility.
Myocardial Ischemia Followed by Reperfusion
The results of the five experiments on the effect of coronary reperfusion after prolonged myocardial ischemia on left ventricular function and left ventricular diastolic compliance are shown in Table 4 . In all experiments, coronary reperfusion after prolonged coronary occlusion was associated with a further increase in the slope of the left ventricular diastolic pressure-volume curve (Fig. 6 ).
In those experiments in which ventricular fibrillation did not intervene immediately after coronary reperfusion, release of the coronary ligatures with the intraventricular balloon volume kept constant caused an immediate gradual and progressive increase in the left ventricular diastolic pressure.
The manner in which this change in slope occurred differed from that which occurred during myocardial ischemia. Whereas, during myocardial ischemia, the change in slope evolved about a fulcrum of 10-15 mm Hg, following reperfusion in four of five experiments, all pressures increased regardless of the initial diastolic pressure. This type of change is most consistent with a decrease in the left ventricular myocardial compliance combined with either no change or a decrease in the resting left ventricular volume.
Ventricular Fibrillation and Defibrillation (VF/DF)
In the control group, one episode of VF/DF occurred prior to mitral plug insertion. In the ischemia group, no VOL. 43, No. 2, AUGUST 1978 Cor occ = duration of occlusion of the left anterior descending (L) and left circumflex (C) coronary arteries in minutes; R = duration of coronary reperfusion. LVP = left ventricular pressure in mm Hg; S = systolic; D = diastolic; P' = maximum rate of rise of the left ventricular systolic pressure (LV dp/dt -mm Hg/sec); SL = slope of the left ventricular diastolic pressure volume curve; P = probability value by Dunnett's test for significance of a change in slope. NS = not significant. episodes of VF/DF occurred in experiment no. 4, one episode occurred in experiment no. 2 prior to the control PV curve, but none occurred thereafter, and at least one episode occurred in the other experiments during ischemia and/or following coronary reperfusion. The pressure-volume curves taken before and after VF/DF showed no significant change. This indicates that VF/DF did not significantly affect left ventricular diastolic compliance. The possibility that VF/DF potentiated the compliance change which occurred during ischemia or reperfusion could not be ruled out.
Ventricular Relaxation
In the nonischemic isovolumic heart, incomplete ventricular relaxation was not seen at heart rates of <180 beats/min (Fig. 7) . Maximum negative LV dp/dt (rate of ventricular relaxation) decreased almost immediately following coronary occlusion, reaching a nadir in 2-4 minutes ( Fig. 2) , at which time there was no significant change in the diastolic pressure-volume curve. With prolonged coronary occlusion, maximum negative LV dp/dt gradually increased paralleling the gradual increase in positive LV dp/dt and in the slope of the pressure-volume curve (Tables 3 and 4 ; Fig. 8 ). With coronary reperfusion, the maximum negative LV dp/dt continued to increase concomitant with the increase in positive LV dp/dt. Thus, when the rate of ventricular relaxation was slowest, the diastolic pressure-volume curve was unchanged, and when the slope of the diastolic pressure volume curve did increase, the rate of ventricular relaxation had also in-creased. In the ischemic isovolumic heart in experiment no. 2 in which left ventricular end-diastolic pressures were obtained both with and without pacing after 90 minutes of coronary occlusion ( Fig. 9 ) (after a significant increase in the slope of the pressure-volume curves already had developed), the diastolic pressures obtained with and without pacing for any given volume were the same. The absence of a change in diastolic pressure with interruption of pacing indicates that incomplete ventricular relaxation was not a significant determinant of the change in the diastolic pressure-volume curve. At no time during any experiment did the left ventricular end-diastolic pressure during pacing and during the compensatory pause following spontaneous ventricular premature beats differ by more than 2 mm Hg.
If incomplete ventricular relaxation were a determinant factor of the left ventricular diastolic pressure-volume curves obtained in this study, a decreased rate of ventricular relaxation would be expected to increase the left ventricular end-diastolic pressure and an increased rate of ventricular relaxation would be expected to decrease the left ventricular end-diastolic pressure; altering the rate of ventricular contraction by interrupted pacing or with premature ventricular contractions followed by a compensatory pause would be expected to significantly alter the left ventricular end-diastolic pressure. Since this did not occur, the findings indicate that incomplete ventricular relaxation was not a determinant factor of the left ventricular end-diastolic pressure-volume curves in these experiments.
Discussion
The results of this study indicate that acute coronary occlusion does not immediately affect left ventricular compliance but will cause a reduction in left ventricular compliance as the occlusion is maintained for over 60 minutes. During this time, the decrease in compliance occurred with either no change or a slight increase in the initial ventricular volume. Coronary reperfusion after coronary occlusion of less than 5 minutes did not affect left ventricular diastolic compliance. However, coronary reperfusion after coronary occlusion of over 60 minutes was followed by a further decrease in left ventricular compliance which, in some cases, was associated with a decrease in the initial ventricular volume.
Earlier studies by Hood 5 indicate that left ventricular compliance is decreased 3-4 days after acute coronary occlusion. More recently, studies on the regional changes occurring after acute coronary occlusion suggest that left ventricular diastolic compliance may decrease within 6 hours after acute coronary occlusion. 15 ' 16 Our studies indicate that the left ventricular compliance may begin to decrease as early as 20-30 minutes after acute coronary occlusion. Our results differ significantly from those of other studies which have shown either no change or an increase in left ventricular compliance 1 hour after myocardial ischemia or infarction. 67 The difference in the experimental models used may account for the difference in results. There are major differences in the type and degree of myocardial ischemia and in the way in which left ventricular compliance is assessed. Some studies have used occlusion of a single coronary artery, left anterior descending or circumflex, to produce myocardial ischemia. 5 ' 6 ' 8 This often will not cause substantial hemodynamic abnormalities. 17 ' 18 It has been shown that the degree of left ventricular dyfunction following coronary occlusion is proportional to the extent of myocardial ischemia. 14 Because this is true for the systolic performance of the left ventricle, it is reasonable to assume that it also applies to diastolic performance. 19 For these reasons, we chose a model in which both the left anterior descending and circumflex arteries were occluded. In the dog, this usually will produce an area of ischemic myocardium involving more than 50% of the total left ventricle.
The pressure-volume curve is the basic parameter by which left ventricular compliance is assessed. Previous clinical studies have used angiographic and echocardiographic determinations of left ventricular volume. The limitations of these methods particularly in the dyskinetic heart are well known. Previous experiments on animals have used in vitro determination of pressure-volume curves on excised hearts to compare the compliance changes in infarcted and noninfarcted hearts. 5 ' 6 However, the relationship between in vitro and in vivo pressurevolume curves has not been established. Finally, if the compliance of two groups of hearts is to be compared, before the pressure-volume curve itself can be used as an index of compliance, one must account for a number of other factors including chamber geometry, initial chamber volume, and wall thickness, as well as wall stiffness, which affect the pressure-volume curve. This makes the comparison more complex. For these reasons we chose a working isovolumic heart preparation maintained by cardiopulmonary bypass in which each dog served as its own control. One previous study has also used an isovolumic preparation and found no change in left ventricular compliance following global ischemia of 1 hour's duration. 7 However, in this study, ischemia was produced by decreasing coronary flow until the left ventricular end-diastolic pressure rose to 15, but coronary perfusion did not stop. Additionally, the investigators followed only one pressure-volume point as the index of compliance change and did not construct any pressure-volume curves. When a single pressure-volume point is used instead of a pressure-volume curve, the results can be very misleading. 20 This is illustrated in our studies in which a single volume producing an end-diastolic pressure of 10-15 mm Hg often showed no change during prolonged myocardial ischemia although the pressure-volume curve itself showed marked changes.
Finally, incomplete ventricular relaxation may affect the left ventricular end-diastolic pressure in the absence of changes in left ventricular compliance. Our findings indicate that incomplete ventricular relaxation was not a determinant factor of the diastolic pressure-volume curves in these experiments. These findings are consistent with those of Serur et al. 21 The extent to which this may have been a factor in previous studies is undetermined.
It has been hypothesized that stress relaxation of the s   20  40  65  82  S  14  23  48  72  96  120   D  0  12  26  40  56  <  D  3  9  16  23  <  D  4  11  19  27 P'  240  280  400  480  640  800  3.08  0.01   -P'  -P'  240  480  720  880  -F  80  160  240  400  600  800 Cor occ -duration of occlusion of the left anterior descending (L) and left circumflex (C) coronary arteries in minutes; LVP = left ventricular pressure in mm Hg; S = systolic; D = diastolic; P' •= maximum rate of rise of the left ventricular systolic pressure (LV dp/dt -mm Hg/sec); -P' = maximum rate of fall of left ventricular systolic pressure (negative LV dp/dt -mm Hg/sec); VOL = left ventricular balloon volume in milliliters; SL -slope of the left ventricular diastolic pressure volume curve; P = probability value by Dunnett's test for significance of a change in slope. NS = not significant. ischemic area from repeated systolic stretching of the ischemic myocardium is the mechanism whereby left ventricular compliance may increase after acute coronary occlusion. 15 ' 19 By this theory, the amount of myocardium affected by coronary occlusion and the systolic force applied to the ischemic area would determine the manner by which left ventricular compliance changes after coronary occlusion. This could explain why there is an early increase in left ventricular compliance with a small area of ischemic myocardium and normal systolic pressures 22 and an early decrease in left ventricular compliance with a large area of ischemic myocardium and low systolic pressures. Further studies are necessary to confirm this theory.
The cause for the change in LV compliance following coronary occlusion is not known. The present data which show the time course of the change in LV compliance developed during myocardial ischemia provides certain insights into the mechanism. The fact that compliance did not change for 20-30 minutes after coronary occlusion indicates that (1) the physical effect of changing coronary blood flow itself is not a major factor; (2) acute changes correlate with the time course of cellular necrosis which develops following coronary occlusion. Previous studies have shown that, following coronary occlusion, cell death is scattered after 20 minutes, 50% at 40 minutes, and 100% at 50-60 minutes. 25 This closely parallels the progressive decrease in left ventricular compliance which did not begin until after 30-60 minutes after coronary occlusion and suggests that the degree of cellular necrosis may be a major factor in determining changes in LV compliance. The improvement in left ventricular contractility during prolonged myocardial ischemia is of interest. With progressive myocardial necrosis developing during this time period, one could expect contractility to progressively decrease. A number of factors may account for the improvement noted, including sympathetic stimulation due to release of endogenous catecholamines or improved collateral coronary blood flow. The consistent way in which the improvement in contractility paralleled the changes in compliance suggests that the decrease in compliance may be a causal factor. Theoretically, this might occur if the decrease in compliance were due to an increased stiffness in the series elastica. With an increased stiffness in the series elastica, the resting length of the contractile element would be increased. This by the Starling effect would improve contractility. However, further studies are required to delineate the mechanism of this improvement in contractility.
Little is known about the effects of coronary reperfusion on left ventricular compliance. Previous studies have shown that, in the intact dog, coronary reperfusion after prolonged coronary occlusion causes an improvement in left ventricular function and a decrease in the left ventricular end-diastolic pressure. 26 Our studies suggest that, in the immediate period after reperfusion, this decrease in LVEDP is due mainly to improved left ventricular performance, since left ventricular compliance decreases after reperfusion following prolonged ischemia. That coronary reperfusion can cause a decrease in compliance is not unexpected. Histopathological studies have shown that coronary reperfusion after 40-60 minutes of ischemia will cause marked edema of myocardial cells and of the papillary muscles. 20 ' 2/ One would expect significant myocardial edema not only to decrease left ventricular com-pliance but possibly also to cause a decrease in the resting left ventricular volume.
These studies thus indicate that myocardial ischemia can decrease left ventricular compliance in the acute phase. The occurrence of this change in compliance is probably related to myocardial cell death and not to changes in contractility or acute metabolic changes. The extent to which regional myocardial ischemia affects the compliance of the left ventricle as a whole will depend on the amount of myocardium affected by ischemia. Reperfusion causes a further decrease in myocardial compliance which may be associated with a decrease in left ventricular chamber size due possibly to the intracellular edema which occurs following myocardial reperfusion.
